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TEST  OF  A  23  H.P.   OTTO  GAS  ENGINE 
AND  SUCTION  PRODUCER. 


Outline . 


In  writing  this  report  tha  following  outline  has  been, 
followed: 
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Preliminary  Remarks . 

This  report  contains  data  and  results  of  a  test  made  in 
the  Mechanical  Engineering  Labdratory  of  the  University  of  Il- 
linois, by  R,  N.  Maca,lister  and  H.  G.  D.  Nutting.      The  test 
covered  a  period  of  six  days  beginning  at  8  A.M.  Monday,  April 


15.  and  continuing  to  oP.La.  Saturday,  April  21.      IVenty  four 
observers,  nostly  members  of  the  Junior  class  in  Mechanical 
Engineering  recorded  thedata,  four  men  being  used  daily  in  ad- 
dition to  the  tvYO  above  mentioned.      Each  day  one  man  v/as  as- 
signed to  supervision  only,  to  tend  engine  and  producer  and  to 
keep  watch  on  men  and  apparatus  in  general. 

Purpose  of  Test. 

The  purpose  of  the  test  v;as  to  determine  the  following 
mechanical  and  thermodynamic  efficiencies  of  the  plant  under 
ordinary  commercial  conditions,  no  atte?npt  being  made  to  ob- 
tain bettor  conditions  than  v;ould  exist  in  the  average  pov/er 
plant: 

(1)  Mechanical  and  thermodynamic  efficiencies  of  engine. 

(2)  Efficiency    of  producer. 

(3)  Efficiency  of  plant  as  a  v/hole . 

(4)  Utility  of  exhaust  gas  for  the  heating  of  buildings. 

Description  of  Plant. 

The  plant  consists  of  an  Otto  Gas  Engine  and  Suction 
Producer  of  the  following  description  and  dimensions: 
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GAS  ENGIN-E  DATA. 

No.  Date 

1.  Name  of  engine-  Otto 

2.  Manufactured  hy-  Otto  Gas  Engine  Co.,  Philadelphia,  Penn 
5.  Type-  Four  cycle. 

4.  Fuel  used-  Producer  Gas  (Suction). 

5.  Assumed  heat  in  fuel-  130  B.T.U.  per  cu.  ft. 

6.  H.P. ,  builder's  rating-  S3 

7.  Floor  space  occupied-  55  sq.  ft. 

8.  V/eight- 

9.  Number  of  cylinders-  One. 

10.  Diameter  of  fly  wheels-  5  ft.  Gin. 
Weight  of  the  2  v/heels-  8160  lbs. 

11.  Diameter  of  belt  pulley-  3  ft.  1  in. 
Width-  10  in. 

12.  Diameter  of  piston-  10  in.  (9.997  in.) 
Length- 
Number  of  rings-  3 

13.  Stroke  in  inches-  19 
Displacement  in  cubic  feet-  .863 

14.  Clearance,  cubic  feet-  .164  =  21.3  % 

15.  Length  of  connecting  rod,  inches-  47 

16.  R.P.Li,-  226 
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17.  Kind  of  Governor-  Fly  ball. 

18.  kethod  of  Governing-  Hit  and  miss. 

19.  Kind  of  ignition-  Electric,  make  and  break. 

a  Current  required- 

b  7oltage- 

c  Kind  of  plug- 

d  Location-  Center  of  head 

e  Battery  recomiiiended-  Edison-Lcland 

f  Number  of  cells-  6 

g  Specifications  of  coil- 

( Magneto  used-  Auto-sparker ) 

(Voltage-  Current-  ) 

20.  Kind  of  valves-  Poppet-  Positive  opening  and  spring  closing. 

21.  Dimensions  of  valves 

Diam.-ins.  Lift-  ins. 

a  Gas  valve-  2  l/4 

b  liixture  valve-  3  5/8 

c  Exhaust  valve-  3  3/4 

22.  Means  of  keeping  constant  proportions- 

Gam  shaft  and  air  regulating  valve. 

23.  Method  of  fuel  feed-  Suction. 

29.  Number  of  v/ater  inlets-  One 

Diameter-  3/4  ins. 

30.  Number  of  water  outlets-  One  and  drain. 
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Diameter-  3/4  in.  and  l/2  in. 

31.  Best  rate  of  .vater  feod- 

32.  Kind  of  muffler-  Tank.  No  v^ater. 

33.  Means  of  clearing  engine  of  exhaust  gases-  None. 

34.  Device  for  starting-  Compressed  air, 

PRODUCER  DATA. 

1.  Kind-  Otto. 

2.  Type-  Suction. 

3.  Fuel-  Anthracite  coal, 

4.  Builder's  rating-  50  H.P, 

5.  Floor  space- 

6.  Weiglit- 

7.  Height  of  center  line  above  floor- 

8.  Extreme  outside  diameter- 

9.  Grate  area-  1.58  sq.  ft. 

10.  Builder's  rated  H.P.  per  sq.  ft.-  51.6 

11.  Water  heating  surface-  10,86  sq.  ft. 

12.  "  "  "  per  builder's  H.P.-   .217  sq.  ft. 

13.  Weight  of  cinthracite  coal  producer  holds-  1018  lbs. 

14.  Thickness  of  fire  brick  lining-  3  in. 
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SCRUBBER. 

1.  Type-  Go3fe  and  water  spray-  'Abator  3ealed, 

2.  Height- 

3 .  Diameter- 

4.  Cubic  cont3nt3- 

5.  Water  inlet  drain- 

S.  Best  aniount  of  water- 

ThG  operation  of  theplant  is  as  follows:      Referring  to 
Plate  I,  a  fire  is  "built  on  the  grate  D,  and  the  producer 
filled  './ith  anthracite  pea  coal  to  the  charging  door  G.  A 
blast  is  blov/n  into  the  air  tight  ash  pit  E,  by  ^.eans  of  the 
hand  blov/er  G,  and  the  fire  is  blown  up  until  good  gas  is  a- 
vailable  at  a  gas  cock  in  the  outlet  pipe,  H.      The  valve,  J,  is 
then  closed  and  thev/ater  seal  valve,  K,  opened,  thus  allowing 
the  gas  to  pass  through  the  scrubber,  L,  which  is  filled  with 
coke  over  which  v/ater  trickles.      The  water  going  dovm  meets 
the  up  going  gas  and  in  this  way  cleans  it.      The  gas  then 
passes  out  at  the  top  through  the  pipe,  M,  into  a  siriall  storage 
tank,  N,  which  is  large  enough  to  hold  two  or  three  charges  of 
gas.      Prom  N  the  gas  goes  to  the  engine,  P,  through  the  valve 
R,      After  the  engine  is  started,  the  fan,  G,  is  stopped  and 
the  producer  gets  its  draft  froni  the  suction  of  the  engine,  air 
going  in  -t  S,  mixing  v/ith  the  steam  from  the  v/ater  jacket,  F, 
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and  passing  through  th3  pip3  ,  T,  into  the  ash  pit  and  up  through 
the  grate.      V/hen  the  engine  is  shut  dov/n  for  a  time  the  gas 
is  turned  through  the  stack,  U,  on  the  engine  side  of  the  scrub- 
ber, or  through  the  stack,  V,  on  the  producer  side,  depending 
upon  the  length  of  time  it  is  not  running, 

Plate  8    is  a  general  view  of  the  plant  and  apparatus 
looking  east.      A  ±s  the  producer,  G  the  scrubber,  B  the  engine, 
D  the  heater,  \7hich  is  not  ordinarily  a  part  of  the  plant,  K 
a  prony  brake  acting  on  the  scale  L,  H  the  air  pressure  tank, 
G  the  air  meter,      the  air  regulating  valve,  M  the  chemistry 
apparatus,  T  the  vaporizer  v;at3r  supply  can,  0  the  gas  meter, 
P  a  tachometer,  E  theair  compressor  pumping  into  receiver  N. 

The  engine  is  of  the  four  cycle  type  andrated  at  23  II. P. 
It  is  equipped  '.vith  tv/o  extra  heavy  fly  wheels  to  carry  a  light- 
ing load  with  good  regulation.      Plate  No.  2  shov/s  a  general 
design  of  engine.      A  is  the  gas  inlet;  B  the  gas  valve  box; 
C  the  mixture  valve:  and  D  the  exhaust  valve.      S  is  the  spark- 
er  actuating  rod,  F  the  governor,  H  the  valve  cams  for  mixture 
and  exhaust  valves,  K  is  the  cam  for  operating  the  gas  valve. 

Manner  of  Conducting  Test . 

The  plant  wa.s  first  carefully  examined  for  physical  de- 
fects, both  engine  and  producer  being  taken  apart  where  this 
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v/as  necessary.      Measurements  -^Qre  made  of  the  different  parts, 
the  cylinder  clearance  being  determined  by  the  water  method. 
A  preliminary  run  of  a  week  was  m.ade  previous  to  the  test  in 
order  to  get  the  plant  into  good  running  condition.  During 
this  tine  the  apparatus  v/as  adjusted  and  calibrated,  no  at- 
tempt being  made  to  record  tost  data. 

The  test  was  started  Llondaj''  at  8  A.M.  under  the  fol- 
lowing conditions:  the  coal  magazine  was  filled  to  the  top, 
the  ash  pit  cleaned  out ,  the  vaporizer  pan  and  ash  pit  floor 
filled  with  water,  and  readings  were  taken  of  all  meters,  ther- 
mometers, and  other  apparatus.      At  3P.H.  the  following  Satur- 
day the  test  was  closed  under  exactly  the  same  conditions. 
The  daily  runs  y/ere  about  nine  hours  long  and    were  started 
and  stopped  under  the  above  conditions  except  that  the  ash 
was  som.e times  removed  a  short  time  before  the  stopping  tine. 
Indicator  cards  were  taken  every  twenty  minutes.  Revolutions, 
explosions  and  brake  pull  were  road  every  tv/enty  minutes. 
Thermom.eters  were  read  every  half  hour,  and  meters  every  hour. 
The  heat  value  of  the  gas  was  taken  with  a  Junker's  Calorimeter 
every  half  hour,  the  other  gas  analysis  being  kept  in  opera- 
tion continuously.      Water  was  weighed  in  tanks  on  Buffalo 
scales  except  in  case  of  scrubber  water  y/hich  v/as  measured  by 
a  meter.      It  was  intended  to  measure  the  air  and  gas  used  by 
means  of  meters  but  these  proved  defective  in  operation  and  it 


became  necessary  to  calculate  volumes  of  air  and  gas  from  cliemi 
cal  analyses  and  the  amount  of  carbcn  gasified.      Coal  and  asli 
v/ere  vreighed  on  Buffalo  scales  as  delivered,  a  sample  being  ta- 
ken from  each  lot  for  analysis.      The  work  of  the  engine  was 
absorbed  by  a  Prony  brake  on  an  extension  of  the  engine  shaft. 
The  gas  analysis  apparatus  consisted  of  a  Junker  Calorimeter 
and  an  Qrsat  apparatus  in  connection  with  a  Hempel  explosion 
pipette.      During  the  first  three  days  the  directions  of  the 
Otto  Gas  Engine  Co.  were  followed  as  to  the  operation  of  the 
producer,  i.e.,  tho  fire  was  filled,  poked  and  cleaned  every 
two  or  three  hours.      On  the  three  following  days  the  producer 
V7as  kept  full  of  coal  as  before  ,  but  was  poked  from  above  only 
two  or  three  times  during  the  day  and  the  ash  pit  and  fire 
doors  were  opened  but  onc3  a  day  for  the  removal  of  ashes  and 
cleaning  of  the  fire  ,  thus  allowing  the  formation  of  an  ash 
bed  above  the  grate.      All  meters,  scales,  instruments  and  o~ 
ther  apparatus  used  in  this  test,  except  thermometers,  were 
calibrated,  and  their  limits  of  error  determined. 

Methods  of  Calculating  Results . 

The  methods  of  calculating  results  shown  on  Result 
Sheets  were  taken  from  the  follov/ing: 

"Working  Details  of  a  Gas  Engine  Test"  by  R.  H.  Fernald. 
A.  S.  M.  E.  Paper  No.   950.  ' 
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A.  S.  Ivi.  S.  Paper  No.  081.  Vol.  YJCJll, 
"Producer  Gas  and  Gas  Producers"  by  Samuel  S.  Wyer. 
"Gas  Engine  Design"  "by  Charles  S.  Lucke. 
In  addition  to  these  sone  reference  was  had  to 

"Gas  Engine  and  Producer  Gas  Plants"  by  R.  E.  Mathot , 

"Suction  Gas"  by  Oswald  H.  Ilaenssgen, 

Catalogs  of  r^Iorgan  Gas  Producer  Go.  ,    and  the 

R.  D.  Wood  and  Go. , 

"  Hempel's  Gas  Analysis." 

Conclusions . 

From  the  results  of  this  test  as  shovm  in  the  tables, 
the  following  conclusions  may  be  dravm: 

(1)  The  average  mechanical  and  thernodynanic  efficiencj'" 
of  the  engine  is  fairly  good. 

(2)  The  thermodynamic  efficiency  of  the  producer  is  Ioyi, 

(3)  From  (2)  it  follows  that  the  efficiency  of  the  plant 
is  low, 

(4)  As  seen  from  the  result  sheet  about  11000  lbs.  of  wa- 
ter was  heated  per  day  up  to  153*^,  or  about  1375  lbs.  per  hour. 
Allov/ing  a  drop  in  the  radiat  ors  of  30°,  this  would  render  a- 
vailable    30  x  1375  =  41250  B.T.U.  per  hour  for  heating,  which 
V70uld  heat  a  room  of  about  10000  cu.  ft.  with  84  sq.  ft.  of 
glass  surface,  from  0°  to  70°. 
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es) The  coal  consumption  per  B.II.P.  howr  is  higher  than 
tliat  usually  guaranteed  by  builders  of  gas  producers, 

(6)  The  best  results  were  obtained  by  thenethod  of  firing 
adopted  during  the  last  three  dcuys  of  the  test,  and  not  by  the 
method  reco;::]nended  by  the  builders. 

(7)  The  best  results  would  be  obtained  by  having  a  bed  of 
ashes  on  the  grate,  say  about  six  inches,  thus  obtaining  the 
same  effect  as  given  by  thethick  ash  bed  of  a  soft  coal  pro- 
ducer. 

(8)  The  cooling  v^-ater  should  leave  the  jacket  at  about 
160^  to  170*^  F.  for  best  efficiency.      V/ater  at  higher  tempera- 
ture than  this  has  a  tendency  to  carbonize  the  cylinder  oil 
and  to  form  scale  in  the  cylinder  jacket. 

Observation  of  conditions  during  the  test  lead  to  the 
following  conclusions: 

(1)  That  there  should  be  no  connection  between  the  exhaust 
pipe  from  engine  and  the  chimney  pipes  from,  producer.  The 
present  construction  allowed  back  firing  of  gas  in  producer 
and  caused  gas  to  be  blovm  out  into  producer  room,  vitiating 
the  atmosphere, 

(2)  That  meters  both  water  and  gas  even  when  carefully 
calibrated  are  not  to  be  depended  upon  for  accurate  results. 

(o)  That  the  mixture  valve  of  this  engine  is  set  too  near 
the.  crank  end,  and  if  it  should  stick  would  be  hit  by  the  pis- 
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ton  on  ths  compression  stroke.  It  v/ould  bo  better  to  have  po- 
sitively actuated  valves  rather  than  the  present  spring  closing 
type . 

(4)  The  low  pov/sr  developed  by  the  engine  \m3  partly  c;3,used 
by  high  back  pressure  due  to  the  heater  and  to  the  increased 
number  of  bends  in  the  exhaust  pipe. 

(5)  Failure  to  start  an  engine  of  this  type  may  generally 
be  traced  to  one  of  three  causes: 

a-  poor  compression. 

b-  poor  gas.  . 

c-  defective  sparker. 

(6)  In  a  test  of  this  kind  a  good  gas  analysis  is  of  ut- 
most importance. 


Jl 
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